High-quality ab initio potential energy surfaces were calculated and subsequently used to predict the positions of the lowest bend-stretch vibrational states of the NO(X 2 ⌸,vϭ0) -Ne complex. The vibrational wavefunctions and basis set expansion coefficients, determined within the adiabatic bender model, were then used to simulate the observed spectrum for excitation of the NO(X 2 ⌸,vϭ2) -Ne complex. The overall position and rotational substructure matches well the experimental results for this system, which are presented in the preceding article ͓Y. Kim, J. Fleniken and H. Meyer, J. Chem. Phys. 114, 5577 ͑2001͔͒. A heuristic Hamiltonian, which includes the most important couplings and splittings, is used to improve the fit to experiment.
I. INTRODUCTION
Collisions of diatomic free radicals with noble gases provide exemplary systems for the investigation of interactions of molecular free radicals, which are of great importance in all of chemical kinetics. These interactions are complicated by the presence of electronic spin and/or orbital angular momentum, which can couple with the orbital angular momentum of the collision partners. 1 Collisions of the NO molecule in its X 2 ⌸ electronic ground state with noble gases have been the paradigm. Although the NO-Ar and NO-He systems have been extensively studied, there has been relatively little attention given to the NO-Ne system. In early work Thuis et al. used total scattering experiments to investigate the isotropic portion of the NeNO potential. 2 Spectroscopic investigation of the bound states of the weakly bound complex between a molecular radical and a noble gas atom provides information on the shape of the potential energy surfaces ͑PESs͒ in the region of the van der Waals minimum, information which complements that available from inelastic scattering studies. 3 This has been exemplified by work over the past decade on the complexes of OH(X 2 ⌸) with Ar and Ne. [4] [5] [6] [7] [8] [9] [10] [11] For NO-Ar and NO-Ne Mills, Western, and Howard 12,13 used microwave and radiofrequency spectroscopy to investigate transitions between a number of multiplet levels associated with the lowest rotational levels of the complex. This past year, Meyer and co-workers 14 have used overtone pumping in the region of the NO vϭ2←0 stretch, followed by resonance enhanced multiphoton ionization ͑REMPI͒ detection, to observe rotationally resolved spectra corresponding to the ground and first excited ro-vibronic states of the NO(X) -Ar complex.
In earlier work, Miller and Cheng 15 and Meyer and co-workers 16 used (2ϩ1) REMPI to investigation the complex of NO with Ne by making use of several different NO Rydberg states. In the preceding article, 17 Kim, Meyer, and Fleniken ͑KMF͒ have used this technique to carry out the IR ͑infrared͒ REMPI double resonance spectroscopy of the NO-Ne complex and hence extract information on the lowest bend-stretch levels of this complex, in a manner similar to that described earlier for NO-Ar. 18 Because of the simplicity of the NO-Ne system, and encouraged by the success of our calculations 18 of the bound states of the NO-Ar complex, we undertook a theoretical investigation of the lower bound states of the NO-Ne complex. We report in the next section the calculation of highquality ab initio potential energy surfaces, which are subse-quently used to calculate the bound states of the complex based on a full close-coupled expansion of the bound-state wavefunction.
The organization of this article is as follows: In the next section we review briefly the NeNO PESs used. The method and computational details for the determination of the bound states of the NO(X) -Ne complex are described in Secs. III and IV. This is followed by introduction of the heuristic Hamiltonian invoked in the preceding article. 17 The formalism used to simulate the excitation spectra is presented in Sec. VI. Section VII contains a comparison of the predicted and experimental spectra. We end with a brief conclusion.
II. POTENTIAL ENERGY SURFACES
The approach of a structureless atom to a molecule in a 2 ⌸ electronic state gives rise to two PESs, of AЉ and AЈ reflection symmetry. 19 The PESs are a function of the three Jacobi coordinates r ͑the NO bond distance͒, R ͑the distance between the Ne atom and the center of mass of the NO molecule͒, and ͑the angle between r and R͒ with ϭ0 corresponding to colinear Ne...NO. Our first task was the ab initio determination of these two PESs.
A grid of potential energy points was calculated by restricted coupled-cluster RCCSD͑T͒ calculations 20 using an aug-cc-pVQZ basis with the MOLPRO 98.1 ab initio program suite. 21 ͓It is acknowledged that there is a small error in the calculation of RCCSD͑T͒ energies in this version of the program; however, subsequent testing of the size of the error using MOLPRO 2000 21 showed that the error would leave the calculated quantities in the present article essentially unchanged.͔ The grid of geometries used was selected on the results of geometries optimized at the UQCISD level using GAUSSIAN 98, 22 with a higher concentration of points around the minimum. All points were corrected for basis set superposition error using the full counterpoise method of Boys and Bernardi. 23 To reduce the total computer time required, the NO bond distance was held fixed at 1.1526 Å ͓the equilibrium internuclear separation predicted by a comparable RCCSD͑T͒ calculation on the isolated NO molecule͔.
The center-of-mass distances, R, selected were 2.3, 2.8, 3.1, 3.3, 3.5, 3.6, 3.7, 3.8, 4.0, 4.5, 5.0, and 7.0 Å, while the Jacobi angles, , chosen were 180.0, 154.126, 132.624, 111.292, 90.0, 68.708, 47.376, 25.874, and 0.0 degrees. These values are the nodes for the Gauss-Lobatto quadrature based on the spectral representation of the Legendre recursive system. 24 The ORTHOPOL program suite 24 was used to determine the nodes and corresponding weights.
For both the AЈ and AЉ PESs a function reciprocalpower reproducing kernel Hilbert space ͑RP-RKHS͒ interpolation procedure 25, 26 was used to construct an analytic approximation to the dependence on R,V(R, i ), for each separate value of i . To obtain the correct long-range behavior of the interaction potential, 27 interpolation with respect to R 2 was performed using the RP-RKHS parameters mϭ2 and nϭ2. In the treatment of the nuclear motion of the NeNO complex, it is convenient to work with the average and halfdifference of the AЉ and AЈ PESs, defined as
and
Finally, in order to obtain the dependence for a given value of R, the sum and difference potentials were projected onto reduced rotation matrix elements, 28 making use of the Gauss-Lobatto quadrature:
where l max ϭ8, corresponding to the number of angles in the ab initio grid. The dependence on R of the largest of the V l0 (R) and V l2 (R) expansion terms is illustrated in Figs. 1 and 2 , for the RCCSD͑T͒ NeNO calculations of the present article. These are compared with similar plots for the UCCSD͑T͒ ArNO PESs. 29 The overall behavior is very similar, except for a reduction of ϳ0.5 bohr in the size of the potential, which reflects the smaller size of the Ne atom, and a smaller well. The well depth (D e ) in the isotropic term ͓V 00 (R)͔ in the expansion is 35.3 cm Ϫ1 and the minimum occurs at 6.93 bohr. These values agree reasonably well with the empirical estimates of Thuis et al. from molecular beam scattering experiments (Х50 cm Ϫ1 ,r e Х5.9 bohr). 2 For both ArNO and NeNO the difference potential is negative. This indicates that the AЉ PES is less repulsive than the AЈ PES. As might be expected, the magnitude of the difference potential is roughly a factor of 2 smaller for the NeNO system. In contrast, for the HeNO system at some geometries the AЉ PES lies above the AЈ PES. 30 
III. BOUND STATES OF THE NO-Ne COMPLEX: FORMALISM
To describe the bound levels of the NO-Ne complex, we expand the complete wavefunction in a basis formed by products of the wavefunctions which describe the electronicrotational states of the NO molecule and angular momentum functions which describe the orbital ͑end-over-end͒ rotation of the complex. One can use a space-or body-frame expansion. 18 In a body-frame ͑BF͒ expansion we construct the complete wavefunction by first defining primitive-P functions, which are, in the coordinate representation,
͑3͒
Here j denotes the total angular momentum of the diatomic molecule, with projections P and along, respectively, R and r, the body-and molecule-fixed z-axes. The subscript b indicates that the angles which define the orientation of r are taken with respect to the body frame. Also, ͉͘ designates the electronic component of the wavefunction, in which and denote, respectively, the molecule-frame projections of the electronic orbital and spin angular momenta. Note also that ϭϩ, and P is the projection of both j and J along R. Definite-parity combinations of these primitive functions can be defined
where the symmetry index can take on the values Ϯ1. The total parity of the wave functions defined in Eq. ͑4͒ is (Ϫ1)
. We designate these functions signed-P basis functions, because the two terms correspond to a definite sign of the product Pϫ. Alternative choices for the BF basis in which to expand the total wavefunction have been discussed previously. 18 We expand the full wavefunction in this signed-P BF basis ͓Eq. ͑4͔͒. This gives rise to the standard set of closecoupled ͑CC͒ equations for the expansion coefficients. In matrix notation these are
where W(R) is the sum of three matrices: the diagonal wavevector matrix, the matrix of the square of the orbital angular momentum (LϭJϪj), and the matrix of the interaction potential͑s͒. 29, 32 Expressions for the latter have been given previously. 19, 33 In the determination of the matrix elements of L 2 we assume a pure-precession limit, in which the electronic orbital angular momentum is unchanged from its asymptotic value. In addition, in the determination of the internal energy levels of each of the basis states ͑in either the body-or spaceframe͒ we assume that the spin-orbit splitting in the NO molecule does not change as the Ne atom approaches. Both of these approximations are likely well justified for the weakly bound NO-Ne complex, where the electronic structure of the NO moiety remains essentially unperturbed.
In the BF expansion the potential matrix is block diagonal in P and independent of J and the sign of P. The average (V sum ) term in the expansion of the potential ͓Eq. ͑2a͔͒ couples states with the same value of the projection , while the difference (V dif ) term mixes states with ЈϭϮ2. The matrix of the orbital ͑end-over-end͒ rotation of the complex has both diagonal and off-diagonal terms. In the centrifugaldecoupling ͑CD͒ approximation, 34, 35 the off-diagonal terms, which reflect Coriolis coupling between states which differ in either the magnitude or sign of P, are neglected.
Additional physical insight can be gained by an examination of the definite-P adiabatic energies, obtained by diagonalization of the unique block of the BF W(R) matrix corresponding to the chosen value of P. The definite-P adiabatic energies are defined by
where T(R) is the matrix which diagonalizes the Pth block of the BF W(R) matrix. The R dependence of the w P (R) adiabatic energies define ''adiabatic bender'' ͑AB͒ potentials. These can then be used to investigate the vibrational motion along the van der Waals stretching coordinate R. [32] [33] [34] To the extent that off-diagonal matrix elements of the radial kinetic energy operator can be ignored, and the Coriolis couplings are small, the energies of these vibrational levels will provide a good first approximation to the bend-stretch states of the NeNO complex. 
IV. BOUND STATES OF THE NO-Ne COMPLEX: PERTURBATION MODEL
Alternatively, one can use simple arguments based on perturbation theory to obtain an understanding of the energy levels of the complex. 34, 35, 39 The coupling between individual ͉ j PJM ͘ states due to the various terms in the expansion of both V sum and V dif is given by
where ͑:::͒ is a Wigner 3 j symbol. 28, 40 The electrostatic interaction splits the free rotor levels ͑for a given j͒ into sublevels characterized by the product P. Since P is restricted to positive values, we expect jϩ 1 2 different P levels. These levels will be split additionally into pairs corresponding to the sign of . This results in a total of 2 jϩ1 levels. These are further degenerate in the symmetry index .
To first order the energies of the ͉ j PJM ͘ states will be given by the diagonal elements of Eq. ͑7͒. For a given value of P, the contribution of the sum potential is represented by the terms with ϭЈ. The diagonal matrix elements for positive and for negative will be related by the symmetry of the second 3 j symbol in Eq. ͑7͒. Consequently, the matrix elements of the potential which are diagonal in j obey the relation
͑8͒
Since both and j are half integer, it follows that only the odd terms in the sum potential will split the ϩ and Ϫ levels, by an equal and opposite amount. Thus, to first order, the rotational levels with positive and negative will be split by the matrix elements which are diagonal in j. Again to first order, this splitting will be independent of J, since the matrix elements in Eq. ͑7͒ are independent of J.
As discussed in Sec. III, the matrix of the square of the orbital angular momentum L is not diagonal in P. Evaluating the matrix elements of L 2 , and making explicit use of the fact that the ladder operators J Ϯ are defined with respect to the body frame and hence obey anomalous commutation relations, 41 we find
where Bϭ1/2R 2 and
Since the last term in Eq. ͑10͒ is the only term which depends explicitly on the value of , it is this term which gives rise to a splitting between the positive and negative parity levels. Because of the Kronecker deltas in the last term, this P-type doubling will contribute ͑at third order in perturbation theory͒ 39 only for Pϭ PЈϭ 1 2 and ϭϪЈ. Green and Lester 39 showed that this P-type doubling is due to a mixed contribution involving the difference potential and the Coriolis coupling. For levels with Pϭ 3 2 ͑or higher͒, the P doubling will appear in fifth order. 34 Because of the dependence of F( P) on J, the magnitude of the P-type doubling can be expanded in powers of (Jϩ 1 2 ). Further, because of the condition that ϭϪЈ, the effective size of the P-type doubling will be sensitive to the difference potential. The effect of the -and P-type doubling is illustrated schematically in Fig. 11 of the preceding article. 17 The simple, perturbation-theory arguments from the preceding paragraph suggest that a good approximation to the vibration-rotation levels of the NO-Ne and NO-Ar complexes is
͑12͒
The first term represents the vibrational energy of the complex as well as the rotational energy contribution A eff P 2 due to the rotation around the a-axis. Therefore, the bound state energies of the complex resemble symmetric top levels split by electrostatic interactions and by electronic Coriolis coupling. In first order, the average potential causes an electrostatic splitting V 0 , which removes the degeneracy in . The coefficients V i (iϭ1,2,3,...) parametrize the J dependence of the -splitting which are caused by higher-order interactions involving Coriolis coupling and the difference potential. Consequently, these terms are not present if the bound states are calculated within the CD approximation. For NO-Ar, the J dependence is dominated by the linear term (V 1 ), while, for NO-Ne, we find that only the terms corresponding to even powers of (Jϩ 1 2 ) contribute. Finally the P-type doubling is described by the constants C 0 and C 1 . We find different parity splittings for the two levels in the NO-Ne complex, in contrast to the NO-Ar complex. Figure 3 shows the AB potentials for the NO-Ne complex as described by the RCCSD͑T͒ PESs. The curves occur in closely spaced pairs, which correspond to the -doublets discussed in the preceding section and shown schematically in Fig. 11 of the preceding article. 17 This assignment is confirmed by examination of the columns of the T(R) matrix in Eq. ͑6͒, which are the AB eigenfunctions. In the region of the minima in the curves, the eigenfunctions are dominated by a single signed-P state as defined by Eq. ͑4͒. Each of the AB potentials then corresponds, also, to a single signed-P state. Because the minima in both NeNO PESs occur in nearly T-shaped geometry, the states with positive and negative values of Pϫ lie very close in energy ͑see Fig. 4͒ . 18 The P-type doubling, also discussed in the preceding section, leads to an additional splitting of each curve ͑see Fig. 11 of Ref. 17͒, which is too small to be resolved in Fig. 3 .
V. BOUND STATES OF THE NO-Ne COMPLEX: RESULTS
The energies of the lower bound states of the NO-Ne complex were determined variationally. We followed our earlier 18, 37, 42, 43 implementation of the distributed Gaussian method of Hamilton and Light. 44 All calculations were carried out with our Hibridon 4 code. Table I presents the energies of the lower states of the NO-Ne complex for Jϭ0.5 and 1.5, relative to the lowest state, as predicted by the CC, CD, and AB calculations with our RCCSD͑T͒ PESs. The absolute energy of the lowest vibrational level defines the zero-point-corrected dissociation energy of the complex, which is 29.35 cm Ϫ1 . The excellent agreement between the CD and CC level energies indicates that P is indeed a good quantum number.
As discussed in the preceding section, in connection with Eq. ͑10͒, coupling between levels of different P, which is neglected in the CD approximation, arises from the Coriolis term in the rotational Hamiltonian, which couples directly the states with PЈϭ PϮ1. Since this will mix directly states with Pϭ 34 The AB energies also agree very well with the CC and CD energies, except in a few cases where residual nonadiabatic coupling occurs between two ͑or more͒ AB states.
The details of the generation and spectroscopic investigation of the NO-Ne complexes are described in full detail in the accompanying article. 17 The rotationally resolved infrared spectrum of the complex associated with the first overtone NO transition is measured in an IR-UV double resonance experiment. Four bands, located at 3724.02, 3727.85, 3732.56, and 3739.20 cm Ϫ1 , were detected. Following Kim et al., 17 we label these bands A, B, C, and D in terms of increasing frequency. For reference, the band origin of the vibrational fundamental in the isolated NO molecule is 3723.85 cm Ϫ1 . 46 Based on the energy level positions listed in Table I, With a standard least-squares procedure, the calculated energy levels could be fit extremely well by the heuristic expression derived from perturbation theory arguments, Eq. ͑12͒. The residual deviations are ϳ0.01 cm
Ϫ1
, which is comparable to the precision of the bound-state calculations. Tables II-IV give the values of the constants in Eq. ͑12͒ which correspond to the best fit.
VI. INTENSITY FACTORS
In addition to calculated rovibrational energies, presented in Sec. IV, simulation of the spectrum of the NO(X) -Ne complex requires intensity factors, which are described in this section. The calculation of intensity factors for optical transitions in a van der Waals complex of an open-shell diatomic molecule has been discussed previously, 35, 42 and was recently applied to the analogous NO(X) -Ar complex. 18 Consequently, we give only a concise summary here.
Since the AB approximation was shown in the previous section to be reasonably accurate, we express the expansion coefficients in Eq. ͑5͒ as
where v Pn (R) is the one-dimensional vth vibrational wave function of the nth AB potential of projection quantum number P, and w j Pn (R) is the expansion coefficient of state ͉ j P͘ in the nth eigenvector of the W P (R) matrix of Eq. ͑6͒.
The chromophore of the transitions reported here is the vibrational transition matrix element within the ground electronic state 20 ϵ͗vϭ2͉͉vϭ0͘, which lies along the NO internuclear axis. The space-fixed components of the electric dipole operator and their matrix elements within the signed- Table I .
P BF basis can be expressed in terms of 20 . 18 The rotational line strength factors can be obtained in a similar fashion to the calculation of intensity factors in diatomic molecules. 40 Two types of transitions need to be considered here, namely PЈϭ 
where the transition dipole moment squared is given by an integral involving the AB vibrational wavefunctions for the initial and final states, namely,
The explicit expression for n Ј n Љ
has been given previously. 18 We further remember that radiative transitions are allowed only between states of opposite parity ͓ЈϭЉ for ⌬JϭϮ1 and ЈϭϪЉ for ⌬Jϭ0].
The rotational line strength factors for the PЈϭ where explicit expressions for the parallel ͑ ʈ ͒ and perpendicular ͑Ќ͒ transition moments are given in our earlier paper. 18 Thus, for the PЈϭ
2 bands there will be interference between parallel and perpendicular transition moments. Consequently, the line strength factors cannot be separated into a product of rotational and vibrational factors.
The parallel transition moment leads to a weak Q-branch, while the perpendicular transition moment yields a strong Q-branch. Thus, the relative magnitudes and phase of the two terms in Eq. ͑16͒ will dictate the strength of the Q-branches in the PЈϭ 1 2 ← PЉϭ 1 2 transitions. However, we expect the perpendicular transition moments to be small for bands with Јϭ.
18
Equations ͑14͒ and ͑16͒ were used, with the NO-Ne AB eigenfunctions expressed in the signed-PBF basis ͓Eq. ͑4͔͒ and the appropriate AB vibrational wavefunctions, to calculate the rotational line strength factors for transitions to the nЈϭ1 -4, PЈϭ 1 2 and nЈϭ1 -2, PЈϭ 3 2 bend-stretch levels of NO(vϭ2) -Ne. Since the PESs were calculated for a fixed value of the NO internuclear separation, the bend-stretch wavefunctions of the complex were taken to be independent of the vibrational quantum number of the NO moiety. In this case, the perpendicular transition moment is identically zero for PЈϭ 
VII. COMPARISON OF PREDICTED AND EXPERIMENTAL SPECTRA
With the rotational line strength factors given in Sec. V and the positions of the energy levels of the complex from the CC calculations, we can predict the rotational band contours of the features seen in the experimental spectra, which is described in the accompanying article. To simulate these bands, we first assume that the nϭ1 and 2, Pϭ 1 2 levels in the NO(X,vϭ0) -Ar complex are populated thermally, at temperature TХ1 K. The spectrum is obtained by summing over all initially populated levels, and all allowed final levels, for transitions to the nϭ1 -4, Pϭ 1 2 and nϭ1 -4, Pϭ 3 2 levels of the NO(X,vϭ2) -Ar complex. In addition, for a more direct comparison with experiment, we convolute the simulated stick spectrum with an assumed Gaussian linewidth, as described in our earlier publication.
18 Figure 4 shows the predicted and experimental spectra corresponding to band A. Here, three different calculated spectra ͑labeled a, c, and d͒ are compared with the experimental trace ͑labeled b͒ from the preceding article. 17 The spectrum based on the ab initio calculations is displayed as trace c. Because the ab initio PES calculations were at a fixed value of the NO bond distance, it is impossible to determine the shift of the vϭ2←0 bands relative to the band origin of this transition in the isolated NO molecule. Consequently, the position of the Q Ϯ Ϯ branch was taken to lie at the experimental band origin ͑3724.02 cm Ϫ1 , see Ref.
17͒. This also defines the origin for the positions of the ab initio predictions of bands B, C, and D ͑to be discussed later͒.
Spectrum d was generated by fitting the bound-state energies of the ab initio calculation to Eq. ͑12͒ with the parameters given in Table II -IV, under the assumption that that the intensity arises from a purely parallel transition ͓the Ќ transition moment from Eq. ͑16͒ was set equal to zero͔ and that the Franck-Condon factor is constant. Here, too, we assumed that the position of the Q Ϯ Ϯ band lies at the experimental band origin
The overall agreement of traces c and d is excellent, although small differences in the intensities are observed. Comparison of either of these traces with experiment reveals good agreement in the overall rotational structure, but several important deviations in the line positions. Using the heuristic Hamiltonian of Eq. ͑12͒, we were able to improve the agreement with the observed spectrum by slight changes in the parameters. The resulting parameters, obtained by a leastsquares fit, are shown in Tables II-IV. The number of digits given indicates the uncertainty in the fit. 17 The centrifugal distortion constant D in Eq. ͑12͒ could be determined reliably only for the fit to the ab initio level positions ͑see Sec. V͒, where precise values for each of the rotational levels are available.
The spectrum resulting from the best fit parameters in the Hamiltonian of Eq. ͑12͒ is shown as trace a in Fig. 4 . In carrying out the fit we assumed that there is no difference in the parameters describing the NO(vϭ0) -Ne and NO(v ϭ2) -Ne levels. This approximation was made also in the determination of the spectra from the ab initio level positions and intensities, as well as in our earlier investigation of the NO-Ar complex. 18 Also marked in Fig. 4 are the position of several rotational branches. Due to the splitting of the rotational levels, we find four different types of branches corresponding to transitions with ⌬ϭ0 and Ϯ1. The superscript and subscript indicate, respectively, Ј and Љ. Since the parity Also, examination of the R ϩ Ϫ branch shows that the predicted rotational constant is slightly too small ͑see Table II͒ . This is understandable. Because the ab initio calculation does not completely recover the correlation energy, the dispersion energy is too small. Hence, the well in the potential is too shallow and its minimum occurs at too large a value of R. Finally, we see that the predicted splitting between the R ϩ Ϫ branch lines is slightly too small. This splitting is a reflection of the P-type doubling and its J dependence. As J increases, the splitting is dominated by the C 1 term, and is given, to a good approximation, by the sum of the C 1 terms for each parity. We see from the comparison of trace a and c that the level positions predicted by the ab initio calculations slightly underestimate this splitting, and hence the size of C 1 ͑Table IV͒.
Finally, the constant P-type doubling term (C 0 ) in Eq. ͑12͒ is responsible for the splitting of the Q Ϯ Ϯ branches. Because this splitting is poorly resolved in the experimental spectra, this constant will not be well determined by the fit to experiment. and D. In all cases, the ab initio spectra are shifted slightly to best fit the position of the experimental spectra. This shift, which is always less than 1 cm Ϫ1 , implies that the predicted origins of each band ͑the E v b v s P parameter in Table II͒ , are slightly incorrect. Despite this fact, and although there are small deviations in the rotational line positions, we see that the agreement between the ab initio calculations and experiment is, overall, excellent. For band B, as for band A, the predicted rotational constant is slightly too small. This is likely a consequence of the incomplete recovery of the correlation energy, as discussed earlier in this section.
Finally, we observe that for band D ͑Fig. 7͒, the simulation based on the heuristic Hamiltonian on Eq. ͑12͒ reproduces the experimental spectrum far less satisfactorily than we saw in the case of the other bands. Band D corresponds to excitation of one quantum of the van der Waals stretch. As we saw in our investigation of the similar NO-Ar complex, 18 the bound-state wavefunction of this state is far more spread out than those for the lower states, which all have v s ϭ0. In this case, the heuristic Hamiltonian of Eq. ͑12͒, which assumes, implicitly, that the couplings can be modeled by values of the potential at a particular value of R, will fail, because the true wavefunction samples a large range of values of R.
VIII. CONCLUSION
In this article we have used ab initio PESs, along with a sophisticated treatment of the bound-state motion of the complex, to predict the vibrational excitation spectrum of the NO(X) -Ne complex. The agreement with new experimental information, based on REMPI detection of vibrationally excited complexes, is outstanding, both in terms of the absolute spacing of the vibrational bands and the spacing and intensity of the rotational lines. Since the ro-vibronic wavefunctions of the initial and final states of the complex sample a rather extended region of the NeNO(X)PESs, this good agreement attests to the accuracy of the ab initio PESs. An improved fit to the experimental spectra was obtained, based on a heuristic Hamiltonian which includes the important couplings and splitting, with parameters derived from the ab initio calculations.
Before the work of Meyer and co-workers, 17, 47 inelastic scattering studies provided the major source of experimental information on the interaction of NO with noble gases. The excellent agreement obtained here, and in our earlier investigation of the NO-Ar complex, 18 suggests that current ab initio methodology is sufficiently sophisticated to provide accurate PESs for these systems, at least in the region probed by the bound-state measurements of Meyer and co-workers. Consequently, deviations between the predictions of the same PESs and scattering studies may indicate residual systematic errors in these latter experiments. 
